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(57) ABSTRACT 

A searching apparatus includes a memory unit which stores 
transposed indexes representing appearing positions of all 
n-grams in plural pieces of document data Subjected to 
Searching and appearing frequencies, an n-gram extracting 
unit that extracts all n-grams extractable from a searching 
character string, a smallest-frequency deriving unit which 
refers to the appearing frequency of the n-gram represented 
by the transposed index, and derives an n-gram with the 
Smallest appearing frequency among all of the extracted 
n-grams, a searching n-gram selecting unit that selects, from 
all extracted n-grams, a plurality of searching n-grams which 
form the searching character string and include the n-gram 
with the Smallestappearing frequency, and a document speci 
fying unit that specifies, based on the plurality of selected 
searching n-grams and the appearing position of the search 
ing n-gram represented by the transposed index, document 
data including the searching character String among the plural 
pieces of document data. 
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FIG. 2B 
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SEARCHINGAPPARATUS AND SEARCHING 
METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims the benefit of Japanese 
Patent Application No. 2010-102368, filed Apr. 27, 2010, the 
entire disclosure of which is incorporated by reference herein. 

FIELD 

0002 This application relates generally to a searching 
apparatus and a searching method which search a document 
including a specified character String. 

BACKGROUND 

0003. A technology of searching a desired document 
among a large amount of computerized documents becomes 
more important. 
0004. When, for example, a document in Japanese having 
respective words not spaced therebetween is searched, a tech 
nique of employing an n-gram as a searching unit is applied. 
0005. An n-gram is n number of successive character 
strings. In a full-text searching based on an n-gram, a search 
ing process of searched files is executed for the number of 
n-grams extracted from a searching character string. Hence, 
when a relatively long search character string is used, search 
ing takes time. 
0006 Non-patent Literature (Yasushi OGAWA, Toni 
MATSUDA, “An Efficient Document Retrieval Method 
Using n-gram Indexing, IEICE (The Institute of Electronics, 
Information and Communication Engineers) Journal (D-I). 
Vol. J82-D-I, No. 1, pp. 121-129, January 1999) discloses a 
document searching technique of obtaining a sum of docu 
ment frequencies of n-grams as an estimation value of a 
process time, and of selecting an n-gram used for an actual 
searching process, thereby speeding up the searching process. 
0007. There is a desire for further speeding up of the 
searching process using an n-gram. Moreover, there is a 
demand for efficient document searching at a limited process 
speed and capacity like a compact electronic dictionary 
loaded in a cellular phone, a portable electronic apparatus, 
etc. 

0008. The present invention has been made in order to 
overcome the above-explained situation, and it is an object of 
the present invention to provide a searching apparatus and a 
searching method which are capable of searching a document 
including a specified character String more efficiently. 

SUMMARY 

0009. In order to achieve the above object, a searching 
apparatus according to a first aspect of the present invention 
comprises: a memory unit which stores, for each of n-grams 
(where n is a natural number) extracted from plural pieces of 
document data subjected to searching, a transposed index 
representing an appearing position in the plural pieces of 
document data and an appearing frequency therein, the 
n-gram being a character String including n number of char 
acters; an n-gram extracting unit that extracts all n-grams 
which are extractable from a searching character string; a 
Smallest-frequency deriving unit which refers to the appear 
ing frequency of the n-gram represented by the transposed 
index, and which derives an n-gram with a smallest appearing 
frequency among all of the n-grams extracted by the n-gram 
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extracting unit; a searching n-gram selecting unit that selects, 
from all of the n-grams extracted by the n-gram extracting 
unit, a plurality of searching n-grams which form the search 
ing character string and which include the n-gram with the 
Smallest appearing frequency derived by the Smallest-fre 
quency deriving unit; and a document specifying unit that 
specifies, based on the plurality of searching n-grams selected 
by the searching n-gram selecting unit and the appearing 
position of the searching n-gram represented by the trans 
posed index, document data including the searching character 
string among the plural pieces of document data. 
0010. A searching method according to a second aspect of 
the present invention uses a searchingapparatus which stores, 
for each of n-grams (where n is a natural number) extracted 
from plural pieces of document data subjected to searching, a 
transposed index representing an appearing position in the 
plural pieces of document data and an appearing frequency 
therein, the n-gram being a character string including n num 
ber of characters, and the searching method comprises: an 
n-gram extracting step of extracting all n-grams which are 
extractable from a searching character String; a smallest 
frequency deriving step of referring to the appearing fre 
quency of the n-gram represented by the transposed index, 
and of deriving an n-gram with a smallest appearing fre 
quency among all of the n-grams extracted through the 
n-gram extracting step; a searching n-gram selecting step of 
selecting, from all of the n-grams extracted through the 
n-gram extracting step, a plurality of searching n-grams 
which form the searching character string and which include 
the n-gram with the Smallest appearing frequency derived 
through the Smallest-frequency deriving step; and a document 
specifying step of specifying, based on the plurality of search 
ing n-grams selected through the searching n-gram selecting 
step and the appearing position of the searching n-gram rep 
resented by the transposed index, document data including 
the searching character string among the plural pieces of 
document data. 

0011. According to the present invention, it becomes pos 
sible to search a document including a specified character 
string more efficiently. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. A more complete understanding of this application 
can be obtained when the following detailed description is 
considered in conjunction with the following drawings, in 
which: 

0013 FIG. 1 shows a general configuration of a searching 
apparatus; 
0014 FIG. 2A is a diagram showing an illustrative general 
configuration of a computer apparatus that configures the 
Searching apparatus; 
0015 FIG. 2B is a diagram showing another illustrative 
general configuration of a computer apparatus that configures 
the searching apparatus; 
0016 FIG. 3 is a flowchart showing a flow of a searching 
process by the searching apparatus; 
0017 FIG. 4 is a diagram showing a specific configuration 
of a transposed index; 
0018 FIG. 5 is a flowchart showing a flow of a selection 
process for a searching n-gram according to a first embodi 
ment; and 
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0019 FIG. 6 is a flowchart showing a flow of a selection 
process for a searching n-gram according to a second embodi 
ment. 

DETAILED DESCRIPTION 

0020. An explanation below will be given of a searching 
apparatus and a searching method according an embodiment 
of the present invention. The explanation for the following 
embodiment is not for limiting the scope and the spirit of the 
present invention. 

First Embodiment 

0021. A searching apparatus 10 according to a first 
embodiment will be explained with reference to FIG. 1. 
0022. The searching apparatus 10 includes a memory unit 
11, an input unit 12, an n-gram extracting unit 13, a smallest 
frequency deriving unit 14, a searching n-gram selecting unit 
15, a document specifying unit 16, and an output unit 17. 
0023 The memory unit 11 stores transposed indexes cor 
responding to plural pieces of document data Subjected to 
searching. The transposed index contains, for each n-gram 
extracted from plural pieces of document data, the appearing 
position and the appearing frequency thereof. The memory 
unit 11 comprises, for example, a hard disk device. 
0024. When a document represented by a piece of docu 
ment data includes N number of character strings, N 
N+1 number of n-grams (n character strings) are extracted. 
The memory unit 11 stores, regarding the n-grams of an 
identical character string pattern extracted from each of the 
plural pieces of document data, transposed indexes represent 
ing appearing positions and appearing frequencies. 
0025. The input unit 12 receives a searching character 
string input by a user. The input unit 12 Supplies the received 
searching character String to the n-gram extracting unit 13. 
More specifically, the input unit 12 comprises input devices, 
Such as a keyboard and a touch panel. 
0026. The n-gram extracting unit 13 extracts all n-grams 
from the searching character string received from the input 
unit 12. The n-gram extracting unit 13 Supplies the extracted 
n-grams to the Smallest-frequency deriving unit 14. The 
n-gram extracting unit 13 comprises, for example, a CPU of a 
computer apparatus. 
0027. When the searching character string comprises M 
number of characters, the n-gram extracting unit 13 extracts 
M-N-1 number of n-grams from the searching character 
String. 
0028. The smallest-frequency deriving unit 14 derives an 
n-gram with the Smallest appearing frequency for plural 
pieces of document data among all n-grams extracted by the 
n-gram extracting unit 13 based on the appearing frequency 
included in the transposed index stored in the memory unit 
11. The smallest-frequency deriving unit 14 supplies the 
n-gram extracted by the n-gram extracting unit 13 and the 
n-gram with the Smallest appearing frequency to the search 
ing n-gram selecting unit 15. 
0029. The smallest-frequency deriving unit 14 derives an 
n-gram with the Smallest appearing frequency among the 
M-N+1 number of n-grams. 
0030. An explanation will be given of a specific configu 
ration of a transposed index 29 according to the present 
embodiment with reference to FIG. 4. The transposed index 
29 includes three files: a file (pattern. idx) written with n-gram 
character string pattern and appearing position information 
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storing addresses; a file (position.idx) written with appearing 
frequencies of individual n-gram character string pattern and 
appearing positions thereof, and a file (numberidx) written 
with document numbers and first character positions of 
respective documents. 
0031. The appearing position is a position of a character 
from the beginning of texts where documents Subjected to 
searching are arranged in the order of document number. The 
first character position of each document number is a position 
of the first character of each document from the beginning of 
the texts where documents subjected to searching are 
arranged in the order of document number. 
0032. The searching n-gram selecting unit 15 selects plu 
ral searching n-grams configuring a searching character 
string and including an n-gram with the Smallest appearing 
frequency derived by the Smallest-frequency deriving unit 14 
from all n-grams extracted by the n-gram extracting unit 13. 
The searching n-gram selecting unit 15 Supplies the selected 
plural searching n-grams to the document specifying unit 16. 
0033 N-grams having respective positions adjoining to 
each other among all n-grams extracted by the n-gram 
extracting unit 13 have an overlap of characters. Hence, in 
order to specify document data to be discussed later, it is not 
necessary to use all of the extracted n-grams, but n-grams 
configuring a searching character String are used. 
0034. The searching n-gram selecting unit 15 selects 
Searching n-grams configuring a searching character String 
from all n-grams extracted by the n-gram extracting unit 13. 
0035. The selected n-grams are always caused to include 
an n-gram with the Smallest appearing frequency derived by 
the Smallest-frequency deriving unit 14. By using the n-gram 
with the Smallest appearing frequency for specifying of docu 
ment data to be discussed later, document data can be refined 
efficiently. 
0036. The document specifying unit 16 specifies docu 
ment data including a searching character string among plural 
pieces of document data based on the plural searching 
n-grams selected by the searching n-gram selecting unit 15 
and the appearing position information of the transposed 
index stored in the memory unit 11. The document specifying 
unit 16 Supplies the specified document data to the output unit 
17. 

0037. That is, the document specifying unit 16 determines 
whether or not the plural n-grams successively appear in the 
order of searching character string, and specifies document 
data having undergone determination that the plural n-grams 
appear Successively. 
0038. The output unit 17 outputs document data specified 
by the document specifying unit 16 to the user. More specifi 
cally, information on document data is output using an output 
device like a display. 
0039. An explanation will be given of a general configu 
ration of a computer apparatus that physically configures the 
searching apparatus 10 shown in FIG. 1 with reference to 
FIGS. 2A and 2B. 

0040. In FIG. 2A, a computer apparatus 20 includes a CPU 
(Central Processing Unit) 21, a ROM (Read Only Memory) 
22, a RAM (Random Access Memory) 23, an HDD (Hard 
Disk Drive) 24, an input device 25, an output device 26, and 
a communication control device 27. Individual structural ele 
ments are connected together through a system bus that is a 
transmission path for transmitting an instruction, data, and 
the like. 
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0041. The CPU 21 controls the operation of the whole 
computer apparatus 20, and exchanges a control signal and 
data with individual structural elements. 
0042. The ROM 22 stores a computer program and various 
data necessary for the computer apparatus 20 to operate. The 
ROM22 stores, in particular, a computer program and various 
data necessary for a searching process. 
0043. The RAM 23 temporarily stores data and the com 
puter program. The RAM 23 retains the computer program 
and data read from the ROM 22 and data necessary for pro 
gressing other processes. 
0044) The HDD 24 stores data, etc., necessary for the 
searching process. In particular, the HDD 24 stores, for each 
of plural pieces of document data 28 Subjected to searching, 
and n-grams extracted from plural pieces of document data 
28, the transposed index 29 including an appearing position in 
the plural pieces of document data 28 and an appearing fre 
quency as structural elements. 
0045. The input device 25 comprises, for example, a key 
board and a touchpanel. The input device 25 receives an input 
given by the user. The input device 25 supplies, in particular, 
a searching character String input by the user to the n-gram 
extracting unit 13. 
0046. The output device 26 comprises, for example, a 
display. The output device 26 outputs a process result by the 
computer apparatus 20. The output device 26 outputs, in 
particular, the document data 28 including a searching char 
acter string and specified by the document specifying unit 16 
to the user. 
0047. The communication control device 27 connects the 
computer apparatus 20 to a computer communication net 
work like the Internet. The communication control device 27 
is used to connect the computer apparatus 20 and to exchange 
data over the communication network. For example, the plu 
ral pieces of document data 28 may be obtained through the 
communication control device 27. 

0048 Moreover, the plural pieces of document data 28 
may be present outside the computer apparatus 20. This 
example case will be explained with reference to FIG. 2B. 
0049. The plural pieces of document data 28 are not 
present in the HDD 24, but are present outside the computer 
apparatus 20. In this case, the communication control device 
27 is connected to the document data 28through the computer 
communication network. 

0050. In this case, it is not necessary to store the document 
data 28 in the computer apparatus 20. Moreover, document 
searching is enabled through an electronic apparatus with a 
limited capacity like a compact electronic dictionary as long 
as it can be connected to the Internet. 
0051. A specific operation of the searching process by the 
searching apparatus 10 employing the above-explained con 
figuration will be explained with reference to FIG. 3. 
0052. The input unit 12 receives a searching character 
string from the user(step S301). The input unit 12 supplies the 
received searching character String to the n-gram extracting 
unit 13. The n-gram extracting unit 13 receives the searching 
character String from the input unit 12. The n-gram extracting 
unit 13 extracts all n-grams from the received searching char 
acter string (step S302). 
0053 More specifically, it is presumed that the user inputs 
a searching character string like 'ABCDEFGHI” which con 
tains 9 characters “A”, “B”, "C", "D", “E”, cF", “G”, “H”, and 
“I” for example, in Japanese. In the case of searching process 
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with N=2, the n-gram extracting unit 13 extracts, from the 
front in the order, eight (9-2+1) n-grams (bigrams) that are 
“AB”, “BC, 
0054 “CD, “DE”, “EF, “FG”, “GH, and “HI” each of 
which is expressed by two characters in Japanese. Moreover, 
in the case of searching process with N=3, the n-gram extract 
ing unit 13 extracts, from the front in the order, seven (9-3+1) 
n-grams (trigrams) that are “ABC”, “BCD', “CDE”, “DEF', 
“EFG”, “FGH, and “GHI” each of which is expressed by 
three characters in Japanese. 
0055. The value of N is set beforehand by the searching 
apparatus 10. The value of N can be 2, 3, or other natural 
number. In the following explanation, in order to simplify the 
explanation, cases in which N=2 or 3 will be explained. 
0056 Next, the smallest-frequency deriving unit 14 
derives an n-gram with the Smallest appearing frequency 
among all extracted n-grams (step S303). The appearing fre 
quency is included in the transposed index 29 stored in the 
memory unit 11. The Smallest-frequency deriving unit 14 
refers to the appearing frequency corresponding to each of all 
extracted n-grams, thereby deriving the n-gram with the 
Smallest appearing frequency. 
0057 When there are plural n-grams with the smallest 
appearing frequency, the Smallest-frequency deriving unit 14 
gives a preference, for example, to n-gram with a position in 
the searching character string forward and derives such an 
n-gram. Moreover, among the plural n-grams extracted from 
the searching character string, when there is no transposed 
index corresponding to the n-gram, the searching character 
string is not present in the plural pieces of document data 28 
Subjected to be searched. In this case, for example, the Small 
est-frequency deriving unit 14 outputs a message like "no 
searching character string found to the user, and terminates 
the process (which is not illustrated). 
0.058 Next, the searching n-gram selecting unit 15 selects 
searching n-grams among all of the extracted n-grams so as to 
contain the derived n-gram with the Smallest appearing fre 
quency (step S304). The detail of the selection process will be 
explained with reference to the flowchart of FIG. 5. 
0059 An explanation will be given below of the selection 
process of the searching n-grams with reference to FIG. 5. 
0060. The searching n-gram selecting unit 15 selects 
searching n-grams from the head for the searching character 
string so as not to overlap (step S501). 
0061 For example, when the searching character string is 
“ABCDEFGHI” and the searching process with N=2 is 
executed, the searching n-gram selecting unit 15 selects four 
n-grams that are “AB”, “CD”, “EF', and “GH’ each of which 
are expressed by two characters in Japanese so as not to 
overlap one another from the head. 
0062. The searching n-gram selecting unit 15 determines 
whether or not the searching character string is formed by the 
selected searching n-grams (step S502). For example, in the 
case of the four n-grams (bigrams) selected as explained 
above, a last character of the searching character string which 
expresses a part “I” of the last word is not included (step S502: 
NO). In this case, the searching n-gram selecting unit 15 
additionally selects an n-gram including the last character of 
the searching character string in Japanese as a searching 
n-gram (step S503). 
0063. In the above-explained case, “HI” including the last 
character “I” of the searching character string in Japanese is 
additionally selected as a searching n-gram. The searching 
n-gram selecting unit 15 selects five bigrams that are “AB', 
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“CD”, “EF”, “GH, and “HI”. Accordingly, the searching 
character string "ABCDEFGHI is formed by the selected 
n-grams. The five bigrams correspond to the minimum num 
ber (9 characters/2 characters=5, x) represents a minimum 
natural number equal to or larger than X) configuring the 
searching character string expressed by nine characters in 
Japanese. 
0064 Conversely, in the case of the searching process with 
N=3, the searching n-gram selecting unit 15 selects three 
searching n-grams that are “ABC”, “DEF', and "GHI” each 
of which are expressed by three characters in Japanese. In this 
case, the searching character string 
0065 “ABCDEFGHI can be formed by the selected 
n-grams. The three trigrams correspond to the minimum 
number (9 characters/3 characters-3) configuring the 
searching character string expressed by nine characters in 
Japanese. 
0066. The searching n-gram selecting unit 15 determines 
whether or not the n-gram with the Smallest appearing fre 
quency derived in the step S303 is included in the selected 
searching n-gram (step S504). 
0067. When then-gram (bigram) with the smallest appear 
ing frequency derived in the step S303 is “GH', the “GH” is 
included in the five bigrams which are selected by the search 
ing n-gram selecting unit 15 and which are “AB”, “CD', 
“EF, “GH, and “HI” in the above-explained example case. 
In this case, the searching n-gram selecting unit 15 terminates 
the selection process of the searching n-grams. That is, five 
bigrams “AB”, “CD”, “EF”, “GH", and “HI” are eventually 
selected. 
0068 Conversely, when the n-gram (bigram) with the 
smallest appearing frequency derived in the step S303 is 
“BC, it is not included in the five bigrams (step S504: NO). 
In this case, the searching n-gram selecting unit 15 addition 
ally selects the n-gram with the Smallest appearing frequency 
as a searching n-gram (step S505). Thereafter, the searching 
n-gram selecting unit 15 terminates the selection process of 
the searching n-grams. That is, in this case, six bigrams "AB'. 
“BC”, “CD, “EF”, “GH, and “HI” are eventually selected. 
0069. Returning to FIG. 3, the document specifying unit 
16 executes a process of specifying the document data 28 
including the searching character string using the searching 
n-grams selected in the step S304. An explanation will be 
given of a case in which five bigrams “AB”, “CD”, “EF, 
"GH", and “HI” are selected in the step S304. 
0070 The document specifying unit 16 arranges the 
selected searching n-grams in the order of Smaller appearing 
frequency (step S305). This process is executed based on the 
appearing frequency included in the transposed index 29. 
Regarding respective appearing frequencies of the five big 
rams, when “AB' is ten times, “CD is eight times, “EF is 
five times, “GH' is three times, and “HI” is thirteen times, 
Such five bigrams are arranged in the order of Smaller appear 
ing frequency like “GH”, “EF”, “CD, “AB” and “HI”. 
0071. The document data 28 to be specified includes all 
searching n-grams. Searching of the document data 28 with 
reference to the n-gram with a smaller appearing frequency 
has a better searching efficiency than searching of the docu 
ment data 28 with reference to the n-gram with a larger 
appearing frequency. 
0072 Next, the document specifying unit 16 determines 
whether or not an appearing position corresponding to the 
n-gram with the Smallest appearing frequency is not evalu 
ated yet (step S306). When the three appearing positions of 
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the bigram “GH' with the smallest appearing frequency are 
“100th character”, “300th character', and “700th character' 
in the plural pieces of document data 28, respective appearing 
positions are not evaluated yet (step S306: YES), and in this 
case, the process progresses to step S307. 
0073. The document specifying unit 16 focuses on the 
appearing position not yet evaluated (step S307). Respective 
three appearing positions “100th character”, “300th charac 
ter, and “700th character of the bigram “GH with the 
Smallest appearing frequency are all not evaluated yet. In this 
case, the document specifying unit 16 focuses on “100th 
character that is the first appearing position. 
0074 The document specifying unit 16 determines 
whether or not the focused appearing position and the follow 
ing appearing position include all of the other searching 
n-grams (step S308). More specifically, bigrams are selected 
in the order of the Smaller appearing frequency, and following 
determination processes (a) to (d) are executed. Through Such 
processes, the document specifying unit 16 determines 
whether or not the appearing positions of respective bigrams 
form the searching character string 'ABCDEFGHI’. 
0075 (a) The searching bigram “EF is located two char 
acters (in Japanese) ahead of the bigram “GH with the small 
est appearing frequency. The document specifying unit 16 
determines whether or not there is an appearing position of 
the “98th character (=100-2nd character) among the five 
appearing positions of the “EF. (b) The searching bigram 
“CD is located four characters (in Japanese) ahead of the 
bigram "GH" with the smallest appearing frequency. The 
document specifying unit 16 determines whether or not there 
is an appearing position of the “96th character (=100-4th 
character) among the eight appearing positions of “CD’. 
0076 (c) The searching bigram “AB is located six char 
acters (in Japanese) ahead of the bigram “GH with the small 
est appearing frequency. The document specifying unit 16 
determines whether or not there is an appearing position of 
the “94th character (=100-6th character) among the ten 
appearing positions of "AB'. 
0077 (d) The searching bigram “HI” is located one char 
acter (in Japanese) behind the bigram “GH' with the smallest 
appearing frequency. The document specifying unit 16 deter 
mines whether or not there is an appearing position of the 
“101st character (=100+1st character) among the thirteen 
appearing positions of “HI”. 
0078. When it is determined that there is no other search 
ing n-gram at an appearing position following to the focused 
appearing position through at least any one of (a) to (d) (step 
S308: NO), the document specifying unit 16 returns the pro 
cess to the step S306, and in the step S307, a next appearing 
position which is not yet evaluated, i.e., the “300th character 
in this case is focused. The document specifying unit 16 
executes the determination process again at the step 5308 for 
the focused “300th character. 
0079 Conversely, when it is determined that there are all 
of the other searching n-grams at the appearing positions 
following to the focused appearing position through (a) to (d) 
(step S308: YES), the document specifying unit 16 deter 
mines that the searching character string 'ABCDEFGHI is 
present at that position. In this case, the document specifying 
unit 16 (the searching apparatus 10) specifies the number (the 
document number) of the document including the searching 
character string, and stores the specified number (step S309). 
0080 Next, the process returns to the step S306, and it is 
determined again whether or not there is an appearing posi 
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tion which corresponds to the n-gram with the Smallest 
appearing frequency and which is not yet evaluated. More 
specifically, in the above-explained example case, when the 
current process is focusing on the first “100th character, the 
“300th character and the “700th character are not evaluated 
yet (step S309: YES), so that the process returns to the step 
S307, and the document specifying unit 16 executes the pro 
cess focusing on the appearing positions not yet evaluated. 
0081 Conversely, when all of the appearing positions cor 
responding to the n-gram with the Smallest appearing fre 
quency are evaluated (step S306: NO), the output unit 17 
outputs the document data 28 corresponding to all document 
numbers stored in the step S309 to the user (step S310). 
Through the above-explained procedures, the process com 
pletes. The document data 28 is output by the times corre 
sponding to the number of the process at 5309 executed, i.e., 
by what corresponds to the number of specifying of the docu 
ment including the searching character String. 
0082. When none of the document including the searching 
character string is specified, in the step S310, the output unit 
17 outputs a message like “no searching character string 
found' to the user. 
0083. As explained above, according to the first embodi 
ment, both of high-speed searching n-gram selection process 
that is a simple process of selecting a searching n-gram So as 
not to overlap from the first character in the searching char 
acter string and efficient document specifying process of 
selecting a few (the minimum limit configuring the searching 
character String plus 1) searching n-grams including an 
n-gram with the Smallest appearing frequency are enabled. 
0084 Hence, a compact electronic dictionary, etc., loaded 
in a cellular phone or a portable electronic apparatus with a 
limited process speed and capacity is enabled to perform 
efficient searching. 

Second Embodiment 

0085 Next, an explanation will be given of a second 
embodiment of the present invention. According to the first 
embodiment, when searching n-grams are selected. Such 
searching n-grams are selected so as not to overlap in the 
order from the head of the searching character string. Accord 
ing to the second embodiment, searching n-grams are 
selected with reference to the position of an n-gram with the 
Smallest appearing frequency in the searching character 
string. The detail of the second embodiment will be explained 
below. 
I0086. The explanation for the same features as those of the 
first embodiment will be omitted below. The second embodi 
ment has a different selection process (see FIG. 5) of search 
ing n-grams from that of the first embodiment. 
0087. The selection process of searching n-grams accord 
ing to the second embodiment will be explained with refer 
ence to FIG. 6. 
0088. The searching n-gram selecting unit 15 selects, as 
the searching n-grams, two n-grams including the head or the 
last character of the searching character String among all 
n-grams extracted by the n-gram extracting unit 13 (step 
S601). 
0089 More specifically, when, for example, the searching 
character string is "ABCDEFGHIJKL which contains 12 
characters “A”, “B”, “C”, “D, “E”, “F”, “G”, “H”, “I”, “J” 
“K” and “L”, in Japanese, the n-gram extracting unit 13 
extracts, through the searching process with N=2, all of 11 
n-grams (bigrams) that are “AB”, “BC”, “CD”, “DE”, “EF, 
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“FG”, “GH”, “HI”, “U”, “JK, and “KL', each of which 
includes two characters in Japanese. The searching n-gram 
selecting unit 15 selects in the step S601 the two n-grams 
“AB' and “KL which are the head and the last of the search 
ing character string, respectively. 
0090 Next, the searching n-gram selecting unit 15 adds an 
n-gram with the Smallest appearing frequency to the search 
ing n-grams (step S602). The searching n-gram selecting unit 
15 selects and adds a searching n-gram So as not to overlap the 
selected searching n-grams frontward and backward of the 
position of the n-gram with the Smallest appearing frequency 
(steps S603, S604). 
0091 More specifically, in the above-explained example 
case, when the bigram with the Smallest appearing frequency 
is “EF, this bigram “EF is selected in the step S602 as a 
searching n-gram. Moreover, in the step S603, a forward 
n-gram, i.e., “CD is selected so as not to overlap the selected 
n-gram with reference to “EF. Furthermore, in the step S604, 
with reference to “EF, backward n-grams, i.e., “GH' and 
“IJ” are selected so as not to overlap the selected n-gram. 
0092. In this example case, the first character of the bigram 
with the Smallest appearing frequency is located at an odd 
number position in the searching character String. Other big 
rams with a first character located at an odd number position 
are selected. In this example case, the selected searching 
n-grams include the bigram with the Smallest appearing fre 
quency and the number of Such selected searching n-grams 
corresponds to the minimum number of bigrams for forming 
the searching character string. 
0093. As a result, in the above-explained case, six bigrams 
“AB”, “CD, “EF, “GH”, “U”, and “KL are selected as 
searching n-grams. The selected searching n-grams include 
the bigram with the Smallest appearing frequency and form 
the searching character string. 
0094. On the other hand, as another example case, when 
the bigram with the smallest appearing frequency is “FG'. 
this bigram “FG' is selected in the step S602 as the searching 
n-gram. Moreover, frontward n-grams, i.e., “DE' and “BC 
are selected in the step S603 so as not to overlap the selected 
searching n-gram with reference to "FG”. Furthermore, back 
ward n-grams, i.e., “HI” and “JK' are selected in the step 
S604 So as not to overlap the selected searching n-gram with 
reference to “FG'. 
0095. In this example case, the first character of the bigram 
with the Smallest appearing frequency is located at an even 
number position in the searching character String. Moreover, 
other bigrams with the first character located at an even num 
ber position are selected. 
0096. As a result, in the above-explained example case, 
sevenbigrams “AB”, “BC”, “DE”, “FG”, “HI”, “JK“KL are 
selected as searching n-grams. In this example case, the 
selected searching n-grams include the bigram with the 
Smallest appearing frequency, and the number of Such 
selected searching n-grams is larger by one than the minimum 
number of bigrams forming the searching character String. 
0097 Based on the searching n-grams selected through 
the above-explained process, the document specifying unit 16 
executes the process of specifying the document data 28 
including the searching character string as explained in the 
first embodiment. 
0098. As explained above, according to the second 
embodiment, with reference to the n-gram with the smallest 
appearing frequency, n-grams forming the searching charac 
ter string are selected. Accordingly, a few (the minimum 
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number of forming the searching character string or this num 
ber plus one) searching n-grams Surely including the n-gram 
with the Smallest appearing frequency can be selected. This 
enables both high-speed searching n-gram selection process 
and efficient document specifying process. 
0099 Respective structural elements of the searching 
apparatus 10 may be realized by a computer program that 
allows the computer apparatus 20 to function. 
0100. The computer program can be stored in a computer 
readable information memory medium, Such as a compact 
disk, a flexible disk, a hard disk, a magneto-optical disk, 
digital video disk, a magnetic tape, or a semiconductor 
memory, and the like. 
0101 The computer program can be distributed and sold 
overa computer communication network independently from 
the computer apparatus 20 that runs the computer program. 
Moreover, the information memory medium can be distrib 
uted and sold independently from the computer apparatus 20. 
0102 Having described and illustrated the principles of 

this application by reference to one or more preferred 
embodiments, it should be apparent that the preferred 
embodiments may be modified in arrangement and detail 
without departing from the principles disclosed herein and 
that it is intended that the application be construed as includ 
ing all Such modifications and variations insofar as they come 
within the spirit and scope of the subject matter disclosed 
herein. 

What is claimed is: 
1. A searching apparatus comprising: 
a memory unit which stores, for each of n-grams (where n 

is a natural number) extracted from plural pieces of 
document data Subjected to searching, a transposed 
index representing an appearing position in the plural 
pieces of document data and an appearing frequency 
therein, the n-gram being a character String including in 
number of characters; 

an n-gram extracting unit that extracts all n-grams which 
are extractable from a searching character string; 

a smallest-frequency deriving unit which refers to the 
appearing frequency of the n-gram represented by the 
transposed index, and which derives an n-gram with a 
Smallest appearing frequency among all of the n-grams 
extracted by the n-gram extracting unit; 

a searching n-gram selecting unit that selects, from all of 
the n-grams extracted by the n-gram extracting unit, a 
plurality of searching n-grams which form the searching 
character string and which include the n-gram with the 
Smallest appearing frequency derived by the Smallest 
frequency deriving unit; and 

a document specifying unit that specifies, based on the 
plurality of searching n-grams selected by the searching 
n-gram selecting unit and the appearing position of the 
searching n-gram represented by the transposed index, 
document data including the searching character String 
among the plural pieces of document data. 

2. The searching apparatus according to claim 1, wherein 
the searching n-gram selecting unit selects the searching 
n-grams from all of the n-grams extracted by the n-gram 
extracting unit, the number of selected searching n-grams 
being a number that is the minimum number of the n-grams 
forming the searching character String or the minimum num 
ber of the n-grams plus one. 

3. The searching apparatus according to claim 1, wherein 
the searching n-gram selecting unit 
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(a) divides the searching character string n-gram by n-gram 
from the head of the searching character String so as not 
to overlap with another n-gram for all of the n-grams 
extracted by the n-gram extracting unit, and selects the 
divided n-grams, 

(b) additionally selects an n-gram including a last character 
of the searching character string when the selected 
n-grams do not form the searching character string, and 

(c) additionally selects an n-gram with the Smallest appear 
ing frequency when then-gram with the Smallest appear 
ing frequency derived by the Smallest-frequency deriv 
ing unit is not included in the n-grams selected through 
(a) and (b). 

4. The searching apparatus according to claim 1, wherein 
the searching n-gram selecting unit 

(a) selects ann-gram including a first or last character of the 
searching character string among all of the n-grams 
extracted by the n-gram extracting unit, 

(b) additionally selects an n-gram with the Smallest appear 
ing frequency derived by the Smallest-frequency deriv 
ing unit, and 

(c) divides the searching character string n-gram by n-gram 
So as not to overlap with another n-gram with reference 
to a position of the n-gram with the Smallest appearing 
frequency in the searching character string in a direction 
frontward or backward of that position, and additionally 
Selects a divided n-gram not selected through (a). 

5. The searching apparatus according to claim 1, wherein 
the document specifying unit specifies document data includ 
ing the searching character string among the plural pieces of 
document databased on whether or not all of the other search 
ing n-grams are presentatan appearing position of the search 
ing n-gram and at a following appearing position using the 
plurality of searching n-grams selected by the searching 
n-gram selecting unit in an order of Smaller appearing fre 
quency represented by the transposed index. 

6. A searching method using a searching apparatus which 
stores, for each of n-grams (where n is a natural number) 
extracted from plural pieces of document data Subjected to 
searching, a transposed index representing an appearing posi 
tion in the plural pieces of document data and an appearing 
frequency therein, the n-gram being a character string includ 
ing n number of characters, the searching method comprising: 

an n-gram extracting step of extracting all n-grams which 
are extractable from a searching character string; 

a smallest-frequency deriving step of referring to the 
appearing frequency of the n-gram represented by the 
transposed index, and of deriving an n-gram with a 
Smallest appearing frequency among all of the n-grams 
extracted through the n-gram extracting step; 

a searching n-gram selecting step of selecting, from all of 
the n-grams extracted through the n-gram extracting 
step, a plurality of searching n-grams which form the 
searching character String and which include the n-gram 
with the Smallest appearing frequency derived through 
the Smallest-frequency deriving step; and 

a document specifying step of specifying, based on the 
plurality of searching n-grams selected through the 
searching n-gram selecting step and the appearing posi 
tion of the searching n-gram represented by the trans 
posed index, document data including the searching 
character string among the plural pieces of document 
data. 
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7. The searching method according to claim 6, wherein in 
the searching n-gram selecting step, the searching n-grams 
are selected from all of the n-grams extracted by the n-gram 
extracting step, the number of selected searching n-grams 
being a number that is the minimum number of the n-grams 
forming the searching character String or the minimum num 
ber of the n-grams plus one. 

8. The searching method according to claim 6, wherein in 
the searching n-gram selecting step, 

(a) the searching character string is divided n-gram by 
n-gram from the head of the searching character string 
So as not to overlap with another n-gram for all of the 
n-grams extracted by the n-gram extracting step, and the 
divided n-grams are selected, 

(b) an n-gram including a last character of the searching 
character string is additionally selected when the 
Selected n-grams do not form the searching character 
String, and 

(c) an n-gram with the Smallest appearing frequency is 
additionally selected when the n-gram with the smallest 
appearing frequency derived through the Smallest-fre 
quency deriving step is not included in the n-grams 
Selected through (a) and (b). 

9. The searching method according to claim 6, wherein in 
the searching n-gram selecting step, 

(a) an n-gram including a first or last character of the 
searching character String is selected among all of the 
n-grams extracted through the n-gram extracting step, 

(b) an n-gram with the Smallest appearing frequency 
derived by the Smallest-frequency deriving unit is addi 
tionally selected, and 

(c) the searching character string is divided n-gram by 
n-gram so as not to overlap with another n-gram with 
reference to a position of the n-gram with the Smallest 
appearing frequency in the searching character string in 
a direction frontward or backward of that position, and a 
divided n-gram not selected through (a) is additionally 
selected. 

10. The searching method according to claim 6, wherein in 
the document specifying step, document data including the 
searching character String is specified among the plural pieces 
of document data based on whether or not all of the other 
searching n-grams are present at an appearing position of the 
searching n-gram and at a following appearing position using 
the plurality of searching n-grams selected through the 
searching n-gram selecting step in an order of smaller appear 
ing frequency represented by the transposed index. 

11. A recording medium storing a computer program that 
allows a computer including a memory unit which stores, for 
each of n-grams (where n is a natural number) extracted from 
plural pieces of document data Subjected to searching, a trans 
posed index representing an appearing position in the plural 
pieces of document data and an appearing frequency therein, 
the n-gram being a character string including n number of 
characters to function as: 

an n-gram extracting unit that extracts all n-grams which 
are extractable from a searching character string; 

a smallest-frequency deriving unit which refers to the 
appearing frequency of the n-gram represented by the 
transposed index, and which derives an n-gram with a 
Smallest appearing frequency among all of the n-grams 
extracted by the n-gram extracting unit; 
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a searching n-gram selecting unit that selects, from all of 
the n-grams extracted by the n-gram extracting unit, a 
plurality of searching n-grams which form the searching 
character string and which include the n-gram with the 
Smallest appearing frequency derived by the Smallest 
frequency deriving unit; and 

a document specifying unit that specifies, based on the 
plurality of searching n-grams selected by the searching 
n-gram selecting unit and the appearing position of the 
searching n-gram represented by the transposed index, 
document data including the searching character string 
among the plural pieces of document data. 

12. The recording medium storing the computer program 
according to claim 11, wherein the searching n-gram select 
ing unit selects the searching n-grams from all of the n-grams 
extracted by the n-gram extracting unit, the number of 
selected searching n-grams being a number that is the mini 
mum number of the n-grams forming the searching character 
string or the minimum number of the n-grams plus one. 

13. The recording medium storing the computer program 
according to claim 11, wherein the searching n-gram select 
ing unit 

(a) divides the searching character string n-gram by n-gram 
from the head of the searching character String so as not 
to overlap with another n-gram for all of the n-grams 
extracted by the n-gram extracting unit, and selects the 
divided n-grams, 

(b) additionally selects an n-gram including a last character 
of the searching character string when the selected 
n-grams do not form the searching character string, and 

(c) additionally selects an n-gram with the Smallest appear 
ing frequency when then-gram with the Smallest appear 
ing frequency derived by the Smallest-frequency deriv 
ing unit is not included in the n-grams selected through 
(a) and (b). 

14. The recording medium storing the computer program 
according to claim 11, wherein the searching n-gram select 
ing unit 

(a) selects ann-gram including a first or last character of the 
searching character string among all of the n-grams 
extracted by the n-gram extracting unit, 

(b) additionally selects an n-gram with the Smallest appear 
ing frequency derived by the Smallest-frequency deriv 
ing unit, and 

(c) divides the searching character string n-gram by n-gram 
So as not to overlap with another n-gram with reference 
to a position of the n-gram with the Smallest appearing 
frequency in the searching character string in a direction 
frontward or backward of that position, and additionally 
Selects a divided n-gram not selected through (a). 

15. The recording medium storing the computer program 
according to claim 11, wherein the document specifying unit 
specifies document data including the searching character 
string among the plural pieces of document data based on 
whether or not all of the other searching n-grams are present 
at an appearing position of the searching n-gram and at a 
following appearing position using the plurality of searching 
n-grams selected by the searching n-gram selecting unit in an 
order of Smaller appearing frequency represented by the 
transposed index. 


